OBJECTIVE: To report on the body mass index (BMI), waist-to-hip ratio (WHR) and sum of skinfolds in a cohort of Cretan children and identify the factors associated with these indices. DESIGN: The present study was a follow-up study. Children were measured prospectively at ages 6, 9 and 12. SUBJECTS: Pupils came from 40 schools randomly selected from the 541 primary schools in three different provinces of Crete. 1046 pupils were examined at age 6. At age 9, a representative sample from the original cohort (n 579) was randomly selected for re-evaluation. At the age of 12, a sample of 831 pupils was re-examined, following similar procedures. MEASUREMENTS: Both during baseline and each subsequent follow-up, data were obtained on pupils' anthropometry, serum lipids, dietary intake, physical ®tness and physical activity as well as their dietary and their health knowledge. Data on parents' anthropometry, age, occupation, educational level, and issues relating to health habits, attitudes and knowledge were also collected. RESULTS: Half of the obese children at age 6 were also obese at age 12. Cretan children had higher mean BMI than similar American cohorts. Compared to their American counterparts, Cretans had higher proportions of overweight in both genders across all ages tested. The endurance run test (ERT), an index of physical ®tness, was positively associated with obesity indices. Sum of skinfolds related positively to serum LDL-C. Children from urban areas had higher skinfold sums than children from rural areas. Parental health-related hedonism related positively to children's BMI. CONCLUSION: It appears that these ®ndings offer some support to the reported increasing prevalence of obesity among Greek children. Higher ERT, presumably re¯ecting higher physical activity, is associated with lower obesity. The relationship between degree of fatness and LDL-C appears to be evidenced at an early age in life. This relationship may relate to the reported VLDL and cholesteryl ester transfer protein elevations in obesity. The parental attitude of health-related hedonism appears to be linked with children's adiposity.
Introduction
Obesity, an independent risk-factor for coronary heart disease (CHD) is associated with increased morbidity and mortality and a variety of medical conditions and disease states. 1 ± 2 Reports indicate that the prevalence of obesity in childhood has been increasing in recent years worldwide. 3 ± 5 This trend is alarming, primarily, in that obesity appears to originate in childhood and track to adulthood. 6 Moreover, there are indications that obesity in childhood or adolescence leads to persistent obesity in adulthood and the expected complications. 7 ± 8 Data from studies on families and twins have indicated that the development of obesity has a signi®cant contribution from genetic factors. 9 ± 10 However, the importance of exogenousaconstitutional factors such as decreased energy expenditure and increased caloric intake and utilization in obesity development is also of major importance. 11 ± 12 The objective of this study was to report on the body mass index (BMI), waist-to-hip ratio (WHR) and sum of skinfolds in a cohort of primary school Cretan children prospectively tested at ages 6, 9 and 12 and to pinpoint the factors associated with these obesity indices.
Methods
The program was initiated in March 1992 with the approval of the Greek Ministry of Education. The research reported here was conducted under an EU funded program at the Department of Social Medicine of the University of Crete. The aim of the project was to assess CHD related risk factors in 6-y-old Cretan children and evaluate a multidisciplinary intervention program in schools in Crete.
Study Participants
Pupils came from 40 schools randomly selected from the 541 primary schools in three different provinces of Crete. The study was initiated in March 1992 and baseline measures were taken on 1046 ®rst-grade pupils. This cohort was re-examined at ages 9 and 12. At age 9, a representative sample of 579 children from the original cohort was randomly selected and re-examined. At the age of 12, a sample of 831 pupils was re-examined, following similar procedures. Both during baseline and at each subsequent follow-up, data were obtained on pupils' anthropometry, serum lipids, dietary intake, physical ®tness and physical activity as well as their dietary and their health knowledge. Parental data concerning anthropometry, age, occupation, educational level, and issues relating to health habits, attitudes and knowledge were also collected. The collection of data from both pupils and their parents took place in schools during our morning visit between 8:30 a.m. and 13:00 p.m. A maximum of around 30 pupils and their parents were screened each day by either one large or two small teams of trained personnel.
Anthropometric measures
Body weight was measured by a digital scale (Seca) with an accuracy of AE 100 g. Subjects were weighed without shoes, in their underwear. Standing height was measured without shoes to the nearest 0.5 cm with the use of a commercial stadiometer with the shoulders in relaxed position and arms hanging freely. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ). Left triceps, biceps, subscapular and suprailiac skinfold thicknesses were measured with a Lange skinfold caliper, ensuring that the subject was standing with the upper extremities relaxed at the sides of the body. 13 
Biochemical measures
Since the blood samples should be obtained after overnight fasting, this was the ®rst measurement to be carried out. Venepuncture was performed by professional staff using vacutainers to obtain 10 ml of whole blood. The blood samples were put into special tanks containing ice packs in order to maintain the temperature at 3 ± 4 C. They were then transferred directly (within 2 h) to the Nutritional Research Laboratory of the Department of Social Medicine, University of Crete. Blood was centrifuged and 1.5 ml aliquots pipetted into plastic Eppendorf tubes. One of these aliquots was used for the blood analysis on the same day of collection, while the other was stored (at À80 C) in order that measurements could be repeated if necessary. TC was determined using Allain's method, 14 while Fossati's method 15 was used for TG determination, HDL was measured by the heparin ± manganese precipitation method. LDL was calculated as follows: LDL TCÀ(HDL TGa5). 16 
Pupils' physical activity
Parents reported the time spent by children on physical activity, on two typical consecutive weekdays and one day of the weekend. Physical activity index was then calculated as the sum of hours spent on strenuous physical activity. Details of the method used and its validation and reliability are given elsewhere. 17 
Fitness assessment
Physical ®tness assessment was based on the EURO-FIT Tests Protocol, designed by the Committee of Experts on Sports Research. 18 The particular tests protocol has been used extensively in Europe for the assessment of physical ®tness in primary school children.
The battery of tests included: Pupils' health knowledge A multiple choice questionnaire with color illustrations was used to assess the students' knowledge. The questionnaire, completed with the assistance of an intervention team member, focused on diet, food products and physical activity, as did previous studies. 21 Obesity in primary school children in Crete G Mamalakis et al
Dietary assessment
Children's dietary intake information was supplied by a random sub-sample of parents, via weekly frequency and 3 day weighed food records. The parents selected to complete the 3 day weighed food records were given oral and written instructions, forms and a food scale with 5 g divisions and a maximum weight of 1 Kg. Scale accuracy was checked with a standard 100 g weight. Implementation of the procedure was closely monitored by dietitians. The foods were coded and analyzed using the USDA food database, extensively amended to include chemically analyzed Greek foods. Fat analysis was based on chemical analyses of 120 Greek foods providing 95% of the fat in the Greek diet. The foods used for this Greek database were collected and prepared at the Preventive Medicine and Nutrition Clinic of the University of Crete, while chemical analysis was undertaken by the Wageningen Agricultural University and TNO Nutrition Institute in The Netherlands. 22 
Parental data
In addition to obtaining data on parents' age, anthropometry, occupation and educational level, parents were asked to complete a health knowledge and attitudes questionnaire. 23 The health knowledge questionnaire was a multiple-choice questionnaire with a total number of 23 questions about smoking, diet, exercise and blood pressure. The questionnaire on attitudes and beliefs consisted of 16 questions (agreeadisagree) about parental attitudes towards health matters and their beliefs concerning children's health. Part of this questionnaire (seven items) was directed at assessing the attitude of fatalism, while the corresponding part for hedonism was comprised of ®ve items. Fatalism with regard to health refers to the perceived inability to exert control over health (cf. external locus of control). 23 Hedonism refers to the attitude that self pleasure predominates health considerations. 23 Hedonism is thought of as a composite vector of the personality dimensions of stimulus or sensation seeking, risk taking and`volitional de®ciency'. Table 1 depicts means and standard deviations of anthropometric indices in the two different genders, while Table 2 depicts means and standard deviations of only the children that had participated in all the baseline and the two subsequent follow-ups. Figure  1 depicts obesity at age 6 against that at age 12. Whereas only a small minority (2.1%) of nonobese children at age 6 are obese by the age of 12, half (50%) the children obese at age 6 are also obese at age 12 ( Figure 1) ; w 2 202.3, P`0.00001. Table 3 depicts comparisons of the mean BMI of the Cretan group against up-to-date age-speci®c American standards, while Table 4 depicts the proportions of Cretan children above the age-speci®c American cut-off scores for overweight and obesity. Multiple linear stepwise regressions indicated that at 6 y of age, 6% of the variability in BMI was accounted for by ERT (F 9.0, P`0.003), 15% of the variability in WHR was accountable by sex (F 22.6,) P`0.00005) and 14% of the variability in skinfold sum was accounted for by ERT and sex (F 11.0, P`0.00005. Standardized regression coef®cients (beta weights) indicate that ERT is the major predictor of skinfold sum, followed by sex (Table 5 ). Regression analysis indicated that, at age 9, 81% of the variability in BMI was accounted for by BMI at baseline, treatment and ERT (Table 6 ). Beta coef®cients indicated that the major predictor of BMI is BMI at baseline, followed by ERT and by treatment (F 107.7, P`0.00005). Regression analysis indicated that, at age 9, 21% of the variability in WHR was accounted for by WHR at baseline, and ERT. Beta coef®cients indicated that the major predictor of WHR is WHR at baseline, followed by ERT (F 11.6, P`0.00005). Regression analysis with sum of skinfolds as the dependent measure indicated that, at age 9, 66% of the variability in sum of skinfolds was accounted for by sum of skinfolds at baseline, serum LDL-C, ERT and region. Beta coef®cients indicated that skinfold at baseline is the major predictor, followed by ERT, region and by plasma LDL-C (F 38.5, P`0.00005). Similar analysis at age 12 indicated that 73% of the variability in BMI was signi®cantly accounted for by BMI at baseline, ERT and parents' health-linked hedonism ( Table 7) . Inspection of beta weights indicated that the major predictor of BMI is BMI at baseline, followed by ERT and by parents' healthlinked hedonism (F 70.9, P`0.00005). Regression analysis indicated that, at age 12, 30% of the variability in WHR was accounted for by WHR at baseline, ERT and sex. Beta coef®cients indicated that the major predictor of WHR is ERT, followed by WHR at baseline and sex (F 12.2, P`0.00005). Regression analysis with sum of skinfolds as the dependent measure indicated that, at age 12, 59% of the variability in sum of skinfolds was accounted for by sum of skinfolds at baseline and ERT. Beta coef®cients Figure 1 Obesity at age 6 against that at age 12. 
Results
Independent groups t-test. ' denotes proportions exceeding the age-speci®c American standard for overweight and obesity (i.e. 15% and 5%, respectively). Independent variables in the model: dietary intake of calories and total fat, serum total cholesterol, HDL-C and LDL-C, physical activity index, endurance run test (ERT), parents' and children's total health knowledge scores, parental educational level, parental health-related hedonism and fatalism, region (urbanarural) and sex. Region (urban 1, rural 0) and sex (females 0, males 1) are dummy variables.
Obesity in primary school children in Crete G Mamalakis et al indicated that skinfolds at baseline is the major predictor of the dependent measure (F 56.4, P`0.00005).
Discussion
The higher mean WHR in boys as opposed to girls, agrees with ®ndings of other studies (Table 1) . 24 As expected, there was an age-dependent increase in obesity indices irrespective of gender (Table 2) . Whereas only a small minority (2.1%) of nonobese children at age 6 are obese by the age of 12, half (50%) the children obese at age 6 are also obese at age 12 ( Figure 1 ). This appears to confer some support to the notion that obesity in childhood paves the ground for the subsequent development of obesity later in life. 6 Comparison of the mean BMI of the Cretan children against up-to-date American standardsagrowth curves 25 indicated signi®cantly greater mean BMI in Cretan 6-y-old boys and girls and 12-y-old Cretan boys, than their American counterparts (Table 3) . Moreover, compared with their American counterparts, Cretans had higher proportions of overweight in both genders across all ages tested (Table 4) . Finally, Cretans had higher proportions of obese in three out of six different gender-by-age group comparisons ( Table 4 ). The particular observations offer some support to the reported growing obesity prevalence in Greek children. 5 The lack of a link between obesity indices and physical activity in the present study, may stem from the small variation in physical activity in younger agegroups such as children and adolescents. 26 Some other reason for the failure to demonstrate a relation between physical activity and obesity indices probably stems from the reported dif®culties in assessing children's physical activity. Various studies have raised serious concerns concerning the validity and reliability of physical activity estimation in childhood. 27 A reason for this is that physical activity in childhood varies considerably within the day, and from one day to the next. 17, 28 Consequently, physical activity assessments do not necessarily re¯ect longterm or`habitual' physical activity, hence, the absence of a relation with fatness. Some other dif®culty stems from the fact that, unlike adults, children are not as conscious of elapsed time and, as a result, the validity of self-report data is compromised. On the other hand, parents' reports on children's physical activity suffer from similar impediments in that parents are not participant observers and they cannot reliably monitor their children's actual activity patterns in the playground. 17 To circumvent these problems, various authorities have suggested the use of physical ®tness rather than physical activity measures. 29 Nevertheless, the reliability and validity of the instrument used in the present study for physical activity estimation has been documented. 17 However, more objective assessment indices such as oxygen consumption, tape recordings of ECG, pedometric measures and recordings of motion are generally more reliable indicators of children's physical activity than diaries or questionnaires. 
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Independent variables in the model: BMI (at age 6), WHR (at age 6), sum of skinfolds (at age 6), dietary intake of calories and total fat, serum total cholesterol, HDL-C and LDL-C, treatment (controlaintervention), physical activity index, endurance run test (ERT), parents' and children's total health knowledge scores, parental educational level, parental health-related hedonism and fatalism, region (urbanarural) and sex. Treatment (control 0, intervention 1), region (urban 1, rural 0) and sex (females 0, males 1) are dummy variables. Independent variables in the model: BMI (at age 6 and 9), WHR (at age 6 and 9), sum of skinfolds (at age 6 and 9), father's BMI, mother's BMI, dietary intake of calories and total fat, serum total cholesterol, HDL-C and LDL-C, treatment (controlaintervention), physical activity index, endurance run test (ERT), parents' and children's total health knowledge scores, breakfast consumption, parental educational level, parental healthrelated hedonism and fatalism, region (urbanarural) and sex. Treatment (control 0, intervention 1), region (urban 1, rural 0) and sex (females 0, males 1) are dummy variables.
Obesity in primary school children in Crete G Mamalakis et al Studies in both children and adults have indicated that high physical ®tness scores are associated with increased levels of physical activity. 30 The negative relation between physical ®tness (ERT) and all obesity indices in the present study, also reported by other studies 31 may therefore, re¯ect, at least in part, the effect of increasing physical activity, evidenced by high ®tness scores, 30 on obesity. Some partial and straightforward explanation for this relation is that fatness by its very nature does not foster endurancerun ®tness or elevated ERT scores. 32 Taken the other way around, ®tness, irrespective of fatness or the genetic propensity towards ®tness 33 and concomitant ®tness, might predispose for increased levels of activity 30 and energy expenditure, thus fostering weight loss. It might be, in other words, that the higher ERT scores in our lean children may not be attributed to decreased fatness per se, but rather to a genetic endowment towards high physical mobilityaactivity and energy expenditure. In addition to resulting in higher levels of physical activity, higher levels of ®tness may have been brought about by increased levels of physical activity. Indeed, a number of studies have indicated that in addition to being a`substratum' to physical activity, ®tness is also a`product' of physical activity. A number of studies with VO 2 max , an index independent of body weight, 31 as the ®tness measure have indicated improvements in cardiovascular ®tness as the result of physical activity in children. 34 Others have, however, questioned that any such improvements in ®tness can result from physical activity, prior to adolescence. 35 Whether ®tness rests solely on genetic factors or can be altered by exogenous modi®cation (ie due to high physical activityaexercise regimens) prior to adolescence is not yet clear. Whatever the case may be, it is physical activity, rather than ®tness per se which is the key factor behind weight loss in children. 36 The promotion of regular physical activity in children might result in ®tness improvements, thereby setting the stage for further increments in physical activity . Furthermore, physical activity and the reduction in obesity in children may prevent the development of persistent obesity and its complications in adulthood. 7 ± 8 Finally, it has been reported that lifelong physical activity is more likely to be initiated in childhood and adolescence 36 and that physical activity levels in adulthood are positively correlated with those during childhood. 37 Nevertheless, it is essential that planning of physical activity regimens takes into account that it is personal abilityamastery and enjoyabilityapleasure rather than health concerns that dictate children's willingness to exercise.
Several studies of adults have indicated positive relations between abdominal adiposity or WHR, and cardiovascular disease risk factors. 38 The positive relation between WHR and serum lipids in some children studies, 24, 39 was not evidenced in the present study. Instead, there was a positive relation between sum of skinfolds and plasma LDL-C (Table 6 ). This supports ®ndings of other studies, providing some indication for a link between obesity and LDL-C in children. 39 The particular relation may stem from the reported VLDL elevations in obesity 40 and the subsequent increased LDL-C production rates. 41 Some other reason for the particular relation may be the reported elevations of cholesteryl ester transfer protein (CETP) in obesity 42 and the associated enhanced transfer of cholesteryl esters from HDL to lower density lipoproteins, such as LDL. Nevertheless, a growing body of literature has indicated the presence of and associations between Coronary Heart Disease risk factors in children. 43 This highlights a possible need for screening and implementation of appropriate preventive measures early in life. 43 Contrary to our expectation and the bulk of the literature, children's BMI did not relate to that of parents.
44 ± 45 A number of studies on twins and adoptees have indicated that it is shared genes rather than rearing practices behind parent ± children BMI similarity, or that the rearing environment has a weaker in¯uence than genetic factors. 10,46 ± 47 On the other hand, there are indications of the importance of rearing practices and parental role-models in shaping children's attitudes and behavior.
48 ± 50 The positive relation between the attitude of parental health-related hedonism and children's BMI in the present study (Table 7 ) may be indicative of the importance of parental attitude in in¯uencing children's health behavior The parental attitude of healthlinked hedonism was found to relate to children's health behavior also in another study. 23 The present study did not focus on how the parental attitude of hedonism related to that of children, and the reasons for the observed link between parental health-related hedonism and children's BMI have not been elucidated. Future studies should focus on the relation between parental and children's health-related hedonism and healthlinked outcomes. Furthermore, future health education interventions should put more emphasis on the family as an agent of change, thus directing intervention measures aiming at facilitating health-linked attitudes in parents.
In conclusion, it appears that the ®ndings of the present study offer some support to the reported increasing prevalence of obesity among Greek children. Higher ERT, presumably re¯ecting higher physical activity, is associated with lower obesity. The relationship between degree of fatness and LDL-C, already documented in adults, appears to be evidenced also in primary school children. This relationship may relate to the reported VLDL andaor CETP elevations in obesity. The parental attitude of health-related hedonism appears to be positively related to children's adiposity. Similar to other studies, this study also highlights the need for appropriate preventive measures in children.
